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[57] ABSTRACT 
Disclosed is a method of separating B-amylase from a 
solution containing B-amylase, in which the solution is 
treated with an a-cyclodextrin ?xed water-insoluble 
high polymer compound in the presence of ammonium 
sulfate to form an adsorbed composite of the high poly 
mer compound and B-amylase and soluble impurities 
not adsorbed to the high polymer compound are sepa 
rated and removed. By the method, a high-purity ? 
arnylase, which is highly useful in the starch sacchari? 
cation industry, may speci?cally and ef?ciently be iso 
lated from a B-amylase-containing mixture solution. 

3 Claims, No Drawings 
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METHOD FOR SEPARATION OF B-AMYLASE 

FIELD OF THE INVENTION 

The present invention relates to a method of separa 
tion of B-amylase. It is known that B-amylase exists in 
plants such as soybeans, wheat, barley and sweet pota 
toes and in microorganisms of the genera Bacillus and 
Clostridium. Of them, B-amylase from soybeans, wheat 
and barley is widely used for preparation of maltose 
syrup in starch sacchari?cation industry, due to the 
property thereof of forming maltose from a-l,4-glucan. 

BACKGROUND OF THE INVENTION 

Soybeans, wheat and barley contain a-amylase in 
addition to B-amylase. In order to remove the a-amy 
lase, a method of deactivating a-amylase by varying the 
ambient pH and temperature or by using a chelating 
agent has heretofore been used. However, since com 
plete removal of a-amylase by the method is accompa 
nied by deactivation of B-amylase, it is dif?cult to com 
pletely remove a-amylase by the method in view of the 
yield of B-amylase. 
On the other hand, in the starch sacchari?cation in 

dustry, production of a high-purity maltose syrup is 
being advanced and therefore a high-purity B-amylase 
which does not produce any other saccharides to be 
derived from a-amylase than maltose is needed. 
There is known af?nity chromatography as a method 

of rapid and speci?c puri?cation of enzyme proteins. In 
accordance with the method, only the intended enzyme 
is speci?cally adsorbed to an insoluble carrier having a 
substrate of the enzyme or a substrate analogue thereof 
as ?xed thereto so that the soluble impurities are re 
moved from the enzyme, whereby only the intended 
substance (enzyme) is speci?cally and rapidly separated 
and puri?ed. 
Some reports have already been disclosed, regarding 

af?nity chromatography of B-amylase. For instance, 
Per Vretblad (FEBS Letters, 47 (1974) 86-89) reported 
that B-amylase from sweet potatoes is speci?cally ad 
sorbed to a Sepharose column having a-cyclodextrin, 
which is a B-amylase antagonistic inhibitor, as ?xed 
thereto, whereupon a bovine serum albumin, which has 
been added to the column simultaneously as a model of 
an impurity protein, is not adsorbed to the column and 
may therefore be removed from B-amylase, and that the 
adsorbed B-amylase may speci?cally be eluted from the 
column by adding a-cyclodextrin to the eluent. A. 
Hoschke et al. (Starch, 28 (1976), 426-432) reported, 
though not explicitly referring to the origin, that B 
amylase adsorbs to a Sepharose column having a. 
cyclodextrin as fixed thereto. 
However, recently, K. Subbaramiah et a1. (Starch, 41, 

(1989) 357-359) disclosed a different report mentioning 
that when they prepared Sepharose having cyclodex 
trin as ?xed thereto by the same method as the above 
mentioned Per Vretblad’s method (FEBS Letters, 47, 
1974), any ?-amylase derived from sweet potatoes, 
potatoes and malt did not adsorb it. 
Under the situation, we the present inventors pre 

pared and examined an a-cyclodextrin-?xed Sepharose 
column in accordance with the Per Vretblad’s report 
(FEBS Letters, 47, 1974) and found that B-amylase 
derived from soybeans and malt, which has an impor 
tant role in the starch sacchari?cation industry, does not 
adsorb to the carrier. At present, therefore, there is no 
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report relating to speci?c af?nity chromatography of 
B-amylase derived from soybeans and malt. 
Under the above-mentioned conditions, we the pres 

ent inventors earnestly investigated af?nity chromatog 
raphy for adsorbing B-amylase derived from soybeans 
and malt, which has an important role in the starch 
sacchari?cation industry, and, as a result, have found 
that such B-amylase which does not adsorb to the a 
cyclodextrin-?xed carrier in the presence of a buffer or 
the like may e?iciently adsorb to'thereto by adding 
ammonium sulfate to the solution to be applied to the 
column. On the basis of the ?nding, we have completed 
the present invention. . 

SUMMARY OF THE INVENTION 

Speci?cally, the present invention provides a method 
of separating B-amylase from a B-amylase-containing 
solution, in which the solution is treated with a water 
insoluble high polymer compound having a-cyclodex 
trin as ?xed thereto in the presence of ammonium sul 
fate to form an adsorbed complex of the said high poly 
mer compound and B-arnylase, and soluble impurities 
which do not adsorb to the high polymer compound are 
separated and removed. 
The B-amylase separation method of the present in 

vention is characterized in that B-amylase is adsorbed to 
an a-cyclofextrin-?xed carrier in the presence of ammo 
nium sulfate. Regarding af?nity chromatography of 
a-amylase, it is known that a-amylase may ef?ciently 
adsorb to starch by addition of an organic solvent such 
as ethanol or a salt of several kinds having a salting-out 
effect thereto. Being different from the known tech 
nique, only ammonium sulfate is effective in the method 
of the present invention, and the fact has not been re 
ported up to the present. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention will be explained in more detail 
by way of some preferred embodiments of it. 
The ligand to which B-amylase adsorbs in the af?nity 

chromatography of the present invention, as a means 
for separating B-amylase by the present invention, is 
a-cyclodextrin which is a B—amylase antagonistic inhibi 
tor. The carrier to be used for ?xing a-cyclodextrin 
thereto is not speci?cally de?ned and any desired wa 
ter-insoluble high polymer compound can be used. For 
instance, preferred is agarose gel or the like. Particu 
larly, epoxy-activated Sepharose 2B, 4B or 6B (product 
of Pharmacia Co.), epoxy-activated Toyopearl (product 
of Toso Co.) epoxy-activated Bio-gel A-Sm, A-lSm or 
A-lSOm (Biorad Co.) and the like are preferable. In 
addition, a crosslinked product of cyclodextrin itself, 
such as cyclodextrin polymer, may also be used as the 
insoluble carrier. 
The concentration of ammonium sulfate to be used in 

adsorption of B-amylase is preferably higher only 
within the range where the proteins in the solution are 
not salted out, so as to attain a higher effect. In general, 
it is 0.5M or more, more preferably IM or more. How 
ever, if it is more than 2M, proteins would precipitate 
out in the enzyme solution of some kind. Therefore, the 
upper limit of the concentration of ammonium sulfate is 
may be elevated to such a degree that would not cause 
precipitation of proteins in the solution (generally, up to 
2M or so). 
The adsorption method is not speci?cally de?ned, 

and either a batch process or a column process may be 
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employed. Elution of the adsorbed enzyme may well be 
effected in a suitable solution not containing ammonium 
sulfate. The adsorbed enzyme may be eluted with a 
solution containing a-cyclodextrin. 
The present invention will be explained in more detail 

by way of the following examples, which, however, are 
not intended to restrict the scope of the present inven 
tion. 

PRODUCTION EXAMPLE 1 

Fixation of a-cyclodextrin to carrier 

Various carriers may be employed, to which a 
cyclodextrin is ?xed. In the present example, used was 
a hydrophilic high polymer carrier agarose gel (Se 
pharose, trade name by Pharmacia Co.) for the purpose 
of reducing as much as possible the in?uence of the 
carrier to adsorption. Fixation was effected in the man 
ner mentioned below. Precisely, 4 g of an epoxy 
activated Sepharose (produced by Pharmacia Co.) was 
suspended and swollen in 25 ml of water, and swelling 
and suction ?ltration of the suspension was repeated 
with 400 ml of water. Finally, this was washed with 25 
ml of 0.1M NaOH. The activated carrier as washed 
previously was added to a solution of 300 mg of a 
cyclodextrin as dissolved in 12 ml of 0.1M NaOH and 
shaken at 45' C. for 16 hours. After completion of the 
reaction, the reaction liquid was ?ltered, and the ad 
sorbed substance was washed with 100 ml of water, 200 

10 

25 

ml of 2.5% glucose solution, 100 ml of water, 100 ml of 30 
0.5M NaCl-containing 0.1M boric acid buffer (pH 8.0) 
and 100 ml of 0.5M NaCl-containing 0.1M acetic acid 
buffer (pH 4.0) in this order, to prepare a-cyclodextrin 
Sepharose. 

EXAMPLE 1 

Adsorption of Soybean B-arnylase to a-cyclodextrin 
Sepharose from Various Solutions 

1 ml of a-cyclodextrin Sepharose was equilibrated 

35 

with a solution as shown in Table 1 below, and 3 ml of 40 
a solution prepared by dissolving 500 units of crude 
B-amylase as extracted from defatted soybeans in the 
same solution as that used for equilibration of a 
cyclodextrin Sepharose was added thereto and shaken 
in a chilled room (4' C.) for one hour, whereby Bamy 
lase was batchwise adsorbed to wcyclodextrin Se 
pharose. 

Afterwards, the non-adsorbed parts were washed out 
with the same solution, and 50 mM acetic acid buffer 
(pl-l 5.7) was added and shaken for 30 minutes to elute 
the adsorbed enzyme. Next, by measuring the activity 
of the fraction, the adsorption activity unit of B-amylase 
as adsorbed to one ml of a-cyclodextrin Sepharose was 
obtained. The reason why the salt concentration of each 
kind varied in adsorption is because the solubility of the 
salts was taken into consideration. Measurement of the 
activity was effected, using a soluble starch as a sub 
strate, in 50 mM acetic acid buffer (pH 5.7) at 37‘ C., 
whereupon the amount of producing one pmol of mal 
tose in one minute was de?ned to be one unit (U). The 
results obtained are shown in Table 1 below. 

TABLE 1 
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TABLE l-continued 

' Adsorption 

Buffer Used in Adsorption Ruction Activity’ (U) 

50 mM Acetic Acid Buffer (pH 5.7) 
1M Sodium Nitrate-containing 3 
50 mM Acetic Acid Buffer (pl-1 5.7) - 
0.5M Sodium Sulfate-containing 5 
50 mM Acetic Acid Buffer (pH 5.7) 
10% Ethanol-containing 50 mM Acetic 4 
Acid Buffer (pH 5.1) 
2M Sodium Chloride-containing 4 
50 mM Acetic Acid Buffer (pH 5.7) 
50 mM Acetic Acid Buffer (pH 5.7) 6 
Containing 1M Ammonium Sulfate and 
0.1% (W/V) a-cyclodextrin 

From Table 1 above, it is understood that the soybean 
B-amylase did not almost adsorb to the cyclodextrin 
?xed Sepharose in the presence of any other salt solu 
tion, alcohol-containing buffer or buffer only, than am 
monium sulfate. Therefore, the B-amylase as adsorbed 
to the ?xed carrier in an ammonium sulfate solution 
may easily be eluted out from it merely by removing 
ammonium sulfate therefrom. Since soybean B-amylase 
did not adsorb to the cyclodextrin-?xed Sepharose in a 
buffer containing a-cyclodextrin and 1M ammonium 
sulfate, it is understood that the soybean B-amylase 
adsorbed to the carrier due to the affinity of the enzyme 
to a-cyclodextrin but not to the carrier of itself. 

EXAMPLE 2 

Adsorption of Malt-Derived and Sweet Potato—Derived 
B-arnylase to a-cyclodextrin Sepharose 

One ml of a-cyclodextrin Sepharose was equilibrated 
with 50 mM acetic acid buffer containing 1M ammo 
nium sulfate or not containing it. To each was added 3 
ml of a solution prepared by dissolving 500 units of 
crude B-amylase as extracted from malt or sweet pota 
to-derived B-arnylase standard product (product by 
Sigma was de-salted) in the same solution as that used 
for equilibration of a-cyclodextrin Sepharose, and the 
resulting mix was shaken in a chilled room for one hour 
whereby B-amylase was adsorbed to a-cyclodextrin 
Sepharose. 

Afterwards, the non-adsorbed parts were washed out 
with the same solution, and 50 mM acetic acid buffer 
containing 1% (W/V) cyclodextrin was added and 
shaken for 30 minutes to elute the adsorbed enzyme. By 
measuring the activity of the fraction, the binding activ 
ity unit of B-amylase to one ml of a-cyclodextn'n Se 
pharose was obtained. Measurement of the activity was 
effected, using a soluble starch as a substrate, in 50 mM 
acetic acid buffer at 37' C., whereupon the amount of 
producing one pmol of maltose in one minute was de 
?ned to be one unit (U). All the buffers used for malt 
derived B-amylase had pH of 5.2 and those for sweet 
potato-derived B-amylase had pH of 4.8 The results 
obtained are shown in Table 2 below. 

TABLE 2 
Adsorption Activity (U) 

Acetic Acid Buffer 
Kind of Only Acetic Containing 1M Ammonium 

Adsorption Acid 
Buffer Used in Adsorption Reaction Activity‘ (U) 65 B..my].5e Buffer Sulfate 

50 mM Acetic Acid Bu?'er (pH 5.7) l Malt 3 122 
IM Ammonium Sulfate-containing 117 Sweet Potato 114 142 
50 mM Acetic Acid Buffer (pH 5.7) 
1M Ammonium Nitrate-containing 7 
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From Table 2 above, it is understood that the malt 
derived B-amylase did not adsorb to the carrier in the 
absence of 1M ammonium sulfate, like the above-men 
tioned soybean-derived B-amylase. Regarding the 
sweet potato-derived B-amylase, it is understood from 
Table 2 that the B-amylase adsorbed to the carrier only 
in a buffer, as so reported by Per Vretblad (FEBS Let 
ters, 47 (1974) 86-89), but it adsorbed further more 
effectively in 1M ammonium sulfate. 

EXAMPLE 3 

In?uence of Concentration of Ammonium Sulfate on 
Adsorbability of Soybean B-amylase to a-cyclodextrin 

Sepharose 
One ml of a-cyclodextrin Sepharose was equilibrated 

with a solution as shown in Table 3 below, and 3 ml of 
a solution prepared by dissolving 500 units of crude 
B-amylase as extracted from defatted soybeans in the 
same solution as that used for equilibration of a 
cyclodextrin Sepharose was added thereto and shaken 
in a chilled room for one hour, whereby B-amylase was 
adsorbed to a-cyclodextrin Sepharose. Afterwards, the 
non-adsorbed parts were washed out with the same 

solution, and 50 mM acetic acid buffer (pH 5.7) was 
added and shaken for 30 minutes to elute the adsorbed 
enzyme. Next, by measuring the activity of the fraction, 
the binding activity unit of B-amylase to one ml of a 
cyclodextrin Sepharose was obtained. Measurement of 
the activity was effected in the same manner as in Ex 
ample 1. The results obtained are shown in Table 3 
below. 

TABLE 3 

Ammonium Sulfate Adsorption Activity (U) 

0.5 17 
1.0 119 

5 

15 

25 

35 

45 

50 

55 

65 

6 
TABLE 3-continued 

2.0 153 

From the results of Table 3 above, it is understood 
that the adsorption activity becomes higher with eleva 
tion of the concentration of the ammonium sulfate and 
that the concentration is suitably at least 0.5M or more, 
more preferably 1.0M or more, for attaining effective 
adsorption. Regarding the upper limit of the concentra 
tion, it may be more than 2.0M to further elevate the 
adsorption yield. However, if the concentration is too 
high, proteins would precipitate in the enzyme solution 
of some kinds and addition of ammonium sulfate with a 
too high concentration would be unfavorable. 

In accordance with the present invention, a high 
purity B-amylase, which is highly useful in the starch 
sacchari?cation industry, may speci?cally and effi 
ciently be isolated from a B~amylase-containing mixture 
solution. 
While the invention has been described in detail and 

with reference to speci?c embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modi?cations can be made therein without depart 
ing from the spirit and scope thereof. 
What is claimed is: 
1. A method of separating B-amylase from a solution 

containing B-amylase, which comprises treating said 
solution with an a-cyclodextrin fixed water-insoluble 
high polymer compound in the presence of ammonium 
sulfate to form an adsorbed composite of the high poly 
mer compound and B-amylase and separating soluble 
impurities not adsorbed to the high polymer compound 
to remove the impurities. 

2. The method of separating B-amylase as claimed in 
claim 1, wherein the concentration of ammonium sul 
fate is from 0.5 to 2.0M. _ 

3. The method of separating B-amylase as claimed in 
claim 1, wherein said water-insoluble high polymer 
compound is agarose gel. 

t i t t i 
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